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Purpose: This study was performed to evaluate the effects of a residual dissection on 
coagulation, fibrinolysis, and platelet function after surgical treatment of acute type A 
aortic dissection. 
Methods: Between 1987 and 1995, 48 consecutive patients underwent emergency surgery 
for acute type A aortic dissection. Thirty-five of 41 survivors were followed-up for 
periods ranging from 6 to 112 months (median, 30.3 months). These survivors were 
classified into three groups by computed tomographic s anning and angiography. Fifteen 
patients had no residual dissection (group I). Of the 20 patients who had residual 
dissection, nine had an enlarged aorta greater than 45 mm in maximal diameter (group 
II), and 11 had an aorta less than 45 mm in maximal diameter (group III). For all 
patients, blood samples were collected for coagulation, fibrinolysis, and platelet function 
studies on the same day that the computed tomographic scanning had been performed. 
Results: ~-thromboglobulin, thrombin-antithrombin III complex, D-dimer, and ce2 
plasmin inhibitor-plasmin complex concentrations were significantly higher in group II 
than in the other two groups. Strong correlations between the maximal diameter of the 
dissected aorta and I~-thromboglobulin, thrombin-antithrombin III complex, D-dimer, 
and plasmin inhibitor-plasmin complex concentrations were evident. In contrast, corre- 
lations between the length of the dissected aorta and coagulation/fibrinolysis measure- 
ments were weak. 
Conclusions: Our findings suggest that the coagulopathy worsened in proportion to the 
degree of dilatation of the dissected aorta. (J Vasc Surg 1997;26:609-15.) 
Disseminated intravascular coagulation (DIC) is 
rarely associated with aortic dissection, 1-s and it is 
uncertain whether the mechanism of coagulopathy 
associated with acute aortic dissection is the same as 
that of coagulopathy associated with chronic aortic 
dissection. We recently observed a patient who ex- 
hibited clinical DIC in chronic phase after surgical 
treatment of type A aortic dissection. By computed 
tomographic (CT) scanning, the dilatation of the 
aorta (diameter, 60 mm) with residual patent false 
lumen was found distal to the graft in this patient. To 
our knowledge, no studies on coagulopathy associ- 
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ated with residual dissection, defined as aortic dissec- 
tion with persistent flow in the false lumen after 
aortic replacement, have been performed. Therefore, 
in the present study, we investigated coagulation, 
fibrinolysis, and platelet function in the late period 
after aortic graft replacement for acute aortic dissec- 
tion. 
METHODS 
Between February 1987 and January 1995, 48 
consecutive patients underwent emergency surgery 
for acute type A aortic dissection. Before 1993, the 
dissecting aorta was replaced in 23 patients using the 
aortic cross-clamping technique with moderate hy- 
pothermia. Since 1993, the open distal technique 
with profound hypothermia nd circulatory arrest 
was used for 25 patients. For all patients, the princi- 
ples of our operative method included replacement 
of  the entire tubular segment of the ascending aorta, 
the aortic arch, or both by Dacron graft using an 
exclusion technique with entry upstream of the dis- 
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Fig. 1. MDA and LDA. 1) No false lumen (group I); 2) 
false lumen with thrombus (group I); 3) patent false lumen 
(MDA >- 4.5 cm, group II; MDA < 4.5 cm, group III). 
section. The hospital mortality rate was 14.6% (7 of 
48) for all patients. 
There were two deaths among the 41 patients 
who were discharged from the hospital. One patient 
died suddenly 2 years after the surgery and the other 
5 months after the surgery. Follow-up information 
was obtained for 35 of the 39 survivors. Four pa- 
tients were excluded from this study because they 
lived far away from the hospital. Clinical DIC has 
been observed in only one of the 35 patients, whose 
symptom was gingival bleeding. 
The median age of the patients at the time of 
surgery was 61.3 + 13.2 years (range, 28 to 80 
years). Seventeen patients were men, and 18 were 
women. Aortic dissection was classified as DeBakey 6 
type I in 29 patients, type II in four, and type III in 
two. The ascending aorta was replaced in 21 patients. 
In 12 patients, the ascending aorta and partial arch 
were replaced. Ascending aorta and complete aortic 
arch replacement with reimplantation of the aortic 
arch vessels was performed in one patient. One pa- 
tient required aortic valve replacement and total as- 
cending and transverse arch replacement with coro- 
nary reimplantation. For these 35 patients, we 
carried out CT scanning and digital subtraction an- 
giography in a random process 6 to 112 months 
(median, 30.3 + 23.4 months) after aortic replace- 
ment and determined whether ao tic dissection re- 
mained. The maximal diameter of the aorta (MDA) 
was measured in all patients. In the patients who had 
residual dissection, the length of the dissecting aorta 
(LDA) was measured (Fig. 1). According to the 
results obtained, the 35 patients were divided into 
three groups as follows: patients without residual 
dissection (group I), patients with residual dissection 
whose MDA was greater than 45 mm (group II), and 
patients with residual dissection whose MDA was less 
than 45 mm (group III). 
Furthermore, blood samples were collected from 
all patients for coagulation, fibrinolysis, and platelet 
function studies on the same day that CT scanning 
was performed. The following parameters were mea- 
sured: platelet count, [3-thromboglobulin ([3-TG), 
fibrinogen, thrombin-antithrombin III complex 
(TAT), D-dimer, and ~2 plasmin inhibitor-plasmin 
complex (PIG) concentrations. An automated he- 
mostasis-thrombosis analyzer (model MDA 180; Or- 
ganon Telmika, Durham, N.C.), based on the one 
described by Von Clauss, 7 was used to determine 
fibrinogen concentration. D-dimer concentration 
was measured using a latex photometric mmunoas- 
say (Dia-Iatron, Tokyo, Japan). [3-TG concentration 
was measured using an enzyme-linked immunosor- 
bent assay (Diagnostica Stago, Asnieres, France). 
TAT concentration was measured using an enzyme 
immunoassay based on the sandwich principle (SRL 
Inc., Toleyo). PIC concentration was measured using 
a one-step sandwich enzyme immunoassay with a 
monoclonal antibody (Teijin Ltd., Tokyo). 
Comparisons among groups were made using the 
one-way factorial analysis of variance. When the anal- 
ysis of variance indicated asignificant effect, Scheffe's 
F test was performed for multiple comparison. To 
explore a possible relationship between residual dis- 
section and coagulopathy and between the period of 
follow-up and coagulopathy, we calculated Pearson's 
correlation coefficient. All data are reported as the 
mean _+ standard eviation. A p value less than 0.05 
was considered to indicate a statistically significant 
difference. 
RESULTS 
Residual dissection after graft replacement. 
CT scanning and digital subtraction angiography 
were carried out in 35 patients. Of these 35, 15 were 
assigned to group I, nine to group II, and 11 to 
group III. There were no significant differences in 
age or period of follow-up among the groups (Table 
I). The residual dissection in group II was observed 
both in the descending thoracic aorta and in the 
abdominal aorta. In group III, the residual dissection 
of four patients were observed in the descending 
thoracic aorta, that of three patients in the abdominal 
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Fig. 2. A, There was no significant difference in platelet count among groups. B, [3-TG 
concentraticm (normal, less than 50 ng/ml) was significantly higher in group II than in group I
and group III (p < 0.01). 
Tab le  I. Comparative characteristics of groups I, II, and I I I  
Group I Group H Group III p 
Patients 15 9 11 
Age (yr) 69.0 -+ 11.7 61.4 _+ 15.4 59.2 _+ 10.0 
Follow-up (too) 23.0 + 17.2 40.6 _+ 20.8 25.3 _+ 11.9 
MDA (mm) 34.3 + 1.4 52.2 + 5.0 35.2 _+ 3.5 
LDA (cm) - -  32.7 + 5.7 18.7 + 12.0 
Technique 
Aortic cross-clamping 4 7 6 
Open distal 11 2 5 
N.8. 
N.S. 
<0.01 
MDA, Maximal diameter of aorta; LDA, length of dissected aorta. 
aorta, and that of  four patients in both the descend- 
ing thoracic and the abdominal aorta. The probabil- 
ity that aortic dissection remained was 76.8% (13 of 
17) when the aortic cross-clamping technique was 
used and 38.9% (7 of 18) when the open distal 
technique was used. 
Coagulation/fibrinolysis measurements among 
groups. ~-TG, D-dimer, PIC, and TAT concentra- 
tion were significantly higher in group I I  than in the 
other groups (Figs. 2 to 4). There were no significant 
differences in platelet count and fibrinogen concen- 
tration among the groups. However, in the fibrino- 
gen concentration of group I I  there was a tendency 
for low values except in one patient. 
Correlation of  MDA and LDA to coagulat ion/  
fibrinolysis measurements. In group I I  and group 
I I I  (n = 20), strong correlations between MDA and 
TAT, PIC, D-dimer, and [3-TG concentrations are 
evident (Fig. 5). The MDA in patients who had high 
levels in these markers was greater than 50 mm. In 
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Fig. 3. D-dimer concentration ( ormal, less than 0.5 mg/ml) (A) and PIC concentration 
(normal, less than 0.8 mg/ml) (B) were significantly higher in group II than in group I and 
group III (p < 0.01; p < 0.05). 
contrast, correlations between LDA and coagula- 
tion/fibrinolysis measurements are weak (R e < 0.2). 
Correlation of  fol low-up period to coagula- 
t ion/f ibrinolysis measurements. For all patients 
(n = 35), correlfion coefficients of the period of 
follow-up, that is, the interval between time of sur- 
gery and blood sampling, and coagulation/fibrinoly- 
sis measurements are shown in Table II. Correlations 
between the period of  follow-up and all measure- 
ments are weak. 
DISCUSSION 
It is known that the development and rupture of 
subsequent aneurysms after surgical treatment of 
type A aortic dissection influence prolonged postop- 
erative survival time. 6,8,9 However, little is known 
about the mechanism of coagulopathy in patients 
who have residual dissection after graft replacement. 
In this study, it was found that coagulopathy wors- 
ened in proportion to the degree of dilatation of the 
aorta with residual dissection. It is interesting that 
coagulopathy did not correlate with the length of the 
dissected aorta in the chronic phase. 
Acute type A aortic dissection associated with 
DIC was first reported by Fine et al)  in 1967. Since 
then, some acute aortic dissections have been de- 
scribed as causing consumption coagulopa- 
thy. 1,3,<1° On the o ther  hand, McLeod et al. ~ 
reported on the case of  a patient who had con- 
sumption coagulopathy associated with chronic 
aortic dissection. It is uncertain whether coagu- 
lopathy associated with acute aortic dissection and 
that associated with chronic aortic dissection are 
the same. Cate et al. 1 proposed three possible 
mechanisms that lead to the coagulation abnor- 
malities in patients who have acute aortic dissec- 
tion. One proposed mechanism is the activation of  
factor XII by subendothelial tissues such as colla- 
gen and subsequent activation of the intrinsic co- 
agulation system. Another is the activation of  fac- 
tor VII by thromboplastic material of the aortic 
wall. The third is triggered by fibrinolytic activator 
activity present in the aortic adventitia.ll Further- 
more, Puxeddu et al.3 speculated that the action of 
thromboplastin-like substances released by frag- 
mented erythrocytes or by damaged tissues influ- 
ence coagulopathy, through which a dissecting 
aortic aneurysm can be complicated. It is assumed 
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Fig. 4. A, There was no significant difference in fibrinogen concentration. B, TAT concentra- 
tion (normal, less than 3.0 ng/ml) was significantly higher in group II than in group I and 
group III (20 < 0.01). 
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Fig. 5. Strong correlations between MDA and TAT, PIC, D-dimer, and [3-TG concentrations. 
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Table II. Correlation coefficient of period 
of follow-up to coagulation parameters 
Period of follow-up (n = 35) 
Platelet count - 0.209 
[3-TG 0.402 
D-dimer 0.476 
PIC 0.346 
Fibrinogen -0.499 
TAT 0.531 
that these possible mechanisms are induced by 
changes of  the aorta and ones elsewhere in the 
body occurring at acute onset. 
In this investigation, there were no patients with 
complication of clinical DIC except for one. How- 
ever, in some patients who had dilatation of the 
dissected aorta, it was observed that platelet function 
and coagulation/fibrinolysis system activated as 
measured by increases in f3-TG, TAT, D-dimer, and 
PIC concentrations. On the other hand, in spite of 
the existence of a residual dissection, marked coagu- 
lopathy was not observed in patients who did not 
have dilatation of the aorta. I f  coagulopathy in 
chronic aortic dissection is caused by subendothelial 
tissue or thromboplastic material of the aorta, the 
blood values of coagulation studies must associate 
with the lengt h of the dissected aorta. However, 
these values have not been associated with the length 
of the dissected aorta in this study. From these find- 
ings, it is assumed that there were other mechanisms 
in addition to those proposed by Care et al.1 or 
Puxeddu et al. 3 of the coagulopathy associated with 
the chronic aortic dissection. 
Bieger et al)0 reported that consumption coagu- 
lopathy worsened uring the dilatation of the aneu- 
rysm. Similarly, Fisher et al. 12 noted that aneurysms 
with large surface areas might be more likely to cause 
coagulation abnormalities. It is conceivable that the 
turbulent flow break out in the large false lumen 
same as the large arterial aneurysm. That is to say, it is 
assumed that coagulopathy associated with the dila- 
tation of the aorta with residual dissection may be 
caused by the turbulent flow in the false lumen, 
rather than changes of the aorta and the ones else- 
where in the body occurring at acute onset. 
There were no significant differences in the pe- 
riod of follow-up among the groups, but the period 
of follow-up in group II was longer than i  group I 
or in group III. Could it be that the group II patients 
had higher levels in many measurements simply be- 
cause it had been longer since they had undergone 
operation? It was reported that platelet activation 
and deposition on Dacron grafts has occurred in the 
early period after graft implantation and has normal- 
ized by 6 to 9 months. 13-~ We considered that the 
difference of the period of follow-up between group 
II and the other groups has been observed, because 
aortic dissection has remained distal to the graft 
more frequently in patients who underwent opera- 
tion with the aortic cross-clamping technique (be- 
fore 1993) than in patients who underwent opera- 
tion with the open distal technique (since 1993). 
Because correlations between the period of fol- 
low-up and coagulation/fibrinolysis measurements 
are weak, we conceived that the relation between 
coagulopathy and the period after operation was not 
important. 
CONCLUSION 
Our findings uggest that the coagulopathy wors- 
ened in proportion to the degree of dilatation of the 
dissected aorta. Especially when the diameter of the 
dissected aorta exceeds 5 to 6 cm, the risk for the 
onset of DIC is considered to be increased. 
REFERENCES 
1. Cate JW, Timmers H, Becker AE. Coagulopathy in ruptured 
or dissecting aortic aneurysms. Am J Med 1975;59:171-6. 
2. Fine NL, Applebaurn j~, Elguezabal A, Castleman L. Multiple 
coagulation defects in association with dissecting aneurysm. 
Arch Intern Med 1967;119:522-6. 
3. Puxeddu A, Ribacchi R, Scionti L, Gatteschi C, Berretfini M. 
Disseminated intravascular coagulation in dissecting aneu- 
rysm. Panminerva Med 1981;23:39-42. 
4. Scott J, Humphreys DR. Dissecting aortic aneurysm and 
disseminated intravascular coagulation. BMJ 1977;1:24. 
5. McLeod AA, Cuddigan BJ, Mahon WE. Chronic haemor- 
rhagic disorder induced by dissecting aortic aneurysm. Eur 
Heart I 1980;1:409-11. 
6. DeBakey ME, McCollum CH, Crawford ES, Morris GC, 
Howell 1, Noon GP, Lawrie G. Dissection and dissecting 
aneurysms ofthe aorta: twenty-year follow-up of five hundred 
twenty-seven patients treated surgically. Surgery 1982;92: 
1118-34. 
7. Von Clauss A. Gerirmungsphysiologische nellmethode zur 
besfimrnung des fibrinogens. Acta Haematol 1957;17:237- 
46. 
8. Haverich A, Miller DC, Scott WC, Mitchell RS, Oyer PE, 
Stinson EB, Shumway NE. Acute and chronic aortic dissec- 
tions-determinants of long-term outcome for operative survi- 
vors. Circulation 1985;72(suppl II):II22-34. 
9. Svensson LG, Crawford ES, Hess KR, Coselli JS, Sail HJ. 
Dissection of the aorta and dissecting aortic aneurysms. Cir- 
culation 1990;82(Suppl IV):IV24-38. 
10. Bieger R, Vreeken l, Stibbe l, Loeliger EA. Arterial aneurysm 
as a cause of consumption coagulopathy. N Engl J Med 
197i;285:152-4. 
11. Astrup T. Thromboplasfic and fibrinolytic activity of the arte- 
riosclerotic human aorta. Nature 1962;193:182-3. 
12. Fisher DF, Tawn DH, Crawford ES. Preoperative dissemi- 
JOURNAL OF VASCULAR SURGERY 
Volume 26, Number 4 Nakajima et al. 615 
nated intravascular coagulation associated with aortic aneu- 
rysms: a prospective study of 76 cases. Arch Surg 1983;118: 
1252-5. 
13. Stratton JR, Thiele BL, Ritchie JL. Natural history ofplatelet 
deposition on Dacron aortic bifurcation grafts in the first year 
after implantation. Am J Cardiol 1983;52:371-4. 
14. Wakefield TW, Shulldn BL, Fellows EP, Petry NA, Spaulding 
SA, Stanley JC. Platelet reactivity in human aordc grafts: a 
prospective, randomized midterm stucly ofplatelet adherence 
and release products in Dacron and polytetrafluorocthylene 
conduits. J Vase Surg i989;9:234-43. 
15. Goldman M, McCollum CN, Hawker RJ, Drolc Z, Slaney G. 
Dacron arterial grafts: the influence of porosity, velour, and 
maturity on thrombogenicity. Surge~ 1982;92:947-52. 
Submitted Feb. 28, 1997; accepted June 11,1997. 
N 'ow can have access to research infor- you easy mation with the 12-year cumulative author 
and subject index to Volumes 1-22 of Journal of 
Vascular Surgery. 
The Cumulative Index is your comprehensive reference 
guide, including a list of every article in the Journal from 
1984 through 1995. All articles are indexed both by 
subject and by author. 
The Cumulative Index features: 
• Offset and bold Subject Headings that make 
searching for subject entries easier 
• Subject Entries containing complete article title, 
author(s), year of publication, volume, and page 
• Author Entries listing author(s), article title, 
author-to-author referral, year of publication, 
volume, and page 
! yJi!ii i ii   ii  iiiN    iiNii     ii iii i!iiiiii  i  iiiiiiiii ii!i  iiii i  ii i  i ii i ii i ii  
I've indicated my method of payment below. All prices 
include shipping. 
131 $75.00 U.S Q $85.60 Canada* Q $80.50 International 
* Includes Canadian 6ST. 
Payment must accompany our order. 
Q Check enclosed (U.S. funds, payable to Journal of 
Vascular Surgery) 
Q MasterCard CI VISA Cl Discover 
Credit Card # Exp. Date 
Signature 
Name 
Institution 
Address 
City State 
ZIP Country 
To order ,  jus t  call Or re turn  coupon to: 
1-800-453-4351 Mosby-Year Book, Inc. ,,~ 
Journal Subscription Services ~n 
Outside the U.S.: 314-453-4351 11830 Westline Industrial Dr. 
Fax: 314-432-1158 St. Louis, M0 63146 U.S.A. "~ 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
